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gtmunary; The work d e s c r i b e d i n t h e p r e s e n t d i s s e r t a t i o n i n v o l -
ves s t u d i e s on t h e k i n e t i c s of t h e i n t e r a c t i o n of 
c a d m i u i n ( I I ) - h i s t i d i n e complex w i t h n i n h y d r i n unde r v a r y i n g 
c o n d i t i o n s of t h e c o n c e n t r a t i o n s of r e a c t a n t s , SDS and CTAB a t 
d i f f e r e n t t e m p e r a t u r e s . The o r d e r of t h e r e a c t i o n w i t h r e s p e c t 
t o C d ( I I ) - h i s t i d i n e complex was u n i t y w h i l e w i t h r e s p e c t t o 
n i n h y d r i n was f r a c t i o n a l . An ion i c m i c e l l e s of SDS s t r o n g l y 
c a t a l y z e t h e r e a c t i o n w i t h t h e r a t e i n c r e a s i n g t o a maximum a t 
c a . 0 .10 moldm" [SDS]„ . C a t i o n i c m i c e l l e s of CTAB i n h i b i t t h e 
r e a c t i o n . Added s a l t s (NaCl, KNO^) a l s o i n h i b i t t h e c a t a l y s i s 
and t h e o r d e r was NaCl>KNOo. The r e a c t i o n was found t o obey 
r a t e e q u a t i o n s : 
k + k K„r;D ] 
w m S ' n k = ( i n p r e s e n c e of SDS) 
1 + K [D ] 
s •• n-" 
N - . 
( i n p r e s e n c e ( k - k ^ ) ( k - k ) ( k - k ) K ( C - cmc) of CTABi 
w Y' w m w m s D ^"'^v o i V-IAD; 
The r a t e c o n s t a n t s ( k ^ ) , b i n d i n g c o n t a n t s w i t h 
s u r f a c t a n t s (K) and t h e i ndex of c o o p e r a t i v i t y (n) have been 
e v a l u a t e d . 
The d i s s e r t a t i o n compr i se s of two p a r t s . A g e n e r a l 
i n t r o d u c t i o n r e g a r d i n g t h e n a t u r e of h i s t i d i n e - m e t a l ccanplexes, 
t h e i r r e a c t i o n s w i t h n i n h y d r i n and , s t a t e m e n t of t h e problem 
a r e d e s c r i b e d i n p a r t f i r s t ( C h a p t e r I ) . I n t h e second p a r t 
( C h a p t e r I I ) , t h e d e t a i l s of t h e [ C d ( I I ) - H i s ] " ' ' - n i n h y d r i n 
r e a c t i o n i n a q u e o u s - m i c e l l a r media a r e g i v e n . 
CHAPTER -1 
GENERAL INTRODUCTION 
Interaction of metal ions with polypeptides and 
proteins is a subject of perennial interest but the problem 
is quite complicated and difficult to study [1]. Such 
complicated systems are analyzed by studying the 
interactions of metal ions with simple model compounds 
which are the active components of more complicated 
polypeptide chains. Histidine is one of the strongest metal 
coordinating agents amongst the amino acids and plays an 
important role in binding of metal ions by proteins. It has 
been implicated in active sites of several enzymes such as 
ribonuclease and serine protease including <x -chymotrypsin, 
trypsin and subtilisin [2-4j. It is also bound to metal 
ions in several metalloproteins such as haemoglobin, 
myoglobin, cytochrome C, carboxypeptidase - A and histidine 
deaminase [5-7]. In histidine the group of prime biological 
importance is imidazole which is responsible for many 
functions in biological processes. 
Due to the presence of both pyrrole-like and 
pyridine-like nitrogens, the imidazole ring behaves as more 
acidic than pyrrole and more basic than pyridine. In the 
acidic medium, when the imidazole is protonated, the 
distinction between the two nitrogens is lost and the 
positive charge is equally distributed on the two nitrogen 
atoms. 
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Imidazolium Ion : pK^ ^ = 6.95 
Pyridinixom Ion : pK = 4.2 
Similarly, the distinction between the two nitrogens is 
lost and the negative charge is distributed equally in 
imidazole anion formed in the highly basic medium. 
O 
Imidazole Anion : pK_ =14.5 
Pyrrole Anion : pK =16.5 
In aqueous solutions tautomeric equilibration o£ 
the nitrogen bound hydrogen occurs without disruption of 
the aromatic electronic structure via proton exchange 
reactions with solvent species. The predominant exchange 
reactions in acidic and basic solutions are: 
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Due to the presence of imidazole ring the 
histidine molecule presents different ionization 
properties as compared to the other amino acids. The 
ionization behaviour of histidine is presented in :SCHEMErI, 
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SCHENE-I : Equilibrium constants for the deprotonation of 
Histidine. 
Nature of Histidine Complexes with Different Transition 
Metal Ions 
Transition metal complexes of histidine have quite 
complex nature. Perrin and Sharma [8)/ through the atomic 
model of histidine, have suggested that all the three 
coordinating centres of histidine can not lie in the same 
plane about a metal ion. However, these can occupy three 
nonplanar- sites in a regular octahedral or tetrahedral 
struct-.re. Thus the possibilities of the complexation of 
metal ions by the histidine molecule may be through (a) 
the usual five-membered ring involving the carboxylate and 
«^ -amino groups; (b) a six-membered ring involving the 
<x-amino aY>d imidazole groups; tc) a seven-membered ring 
involving the carboxylate and imidazole groups; (d) a 
structure in which all the three donor groups of histidine 
are involved. All these possible modes are represented 
below: 
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Many workers [9-16] have investigated the solution 
structure of histidine complexes with a number of metal 
ions by using the method of potentiometric measurements of 
hydrogen ion concentration. Albert 110] reported that the 
stability constants of the histidine complexes were higher 
than those of the histamine complexes. Leberman and Rabin 
[11] explained that the histidine molecule acts as 
tridentate ligand with cadmium(II), nickel(II), 
cobalt(II), zinctll) and copper(II) ions and,therefore,the 
values of the stability constants of histidine complexes 
were higher as compared to the histamine complexes. The 
authors also reported that the chelating agent is in the 
form of His" and the solution containing equimolar mixture 
forms 1:1 complex. 
Argument for the involvement of carboxylate group 
in metal binding/ besides the amino and imidazole groups/ 
was put forth by Martell et al. [171. They compared the 
stability constants of copper(II) complexes of histidine/ 
histamine/ histidinyl histidine and histidinol and found 
higher stability constants for histidine complexes. 
McDonald and Philips [18] obtained magnetic 
resonance spectra of solutions containing cobalt(II) and 
histidine over pH range 0.5-12.0 in 0,0. In the pH range 
B 
1.0-3.0 the carboxylate group of histidine ionizes and 
competes with water for a binding site in the coordination 
sphere of cobalt(II). The absence of proton contact shift 
for the interaction of cobalt(II) with histamine and 
histidine methyl ester verifies the interaction of 
carboxyl group of histidine in binding to cobalt(II). 
Structures were assigned to the species present at other 
pH values. 
Carlson and Brown [19] investigated the structure 
of metal-histidine complexes as a function of solution pD 
from the infrared and proton magnetic resonance data. They 
reported the presence of monodentate/ bidentate and 
tridentate 1:1 complexes at various levels of solution 
acidity containing the equimolar mixtures of metal ions 
and histidine. At pD > 11 the infrared spectra suggest 
that the formation of complexes of histidine with the 
metal ions cadmium(II), copper(II), zinc(II), nickel(II) 
and manganese(II) involves coordination of the ionized 
(anionic) imidazole ring. Metal ions like cobalt(II), 
copper(II), manganese(II)/ nickel(II) and zinc(II) form 
complexes of types MHis and M(His)2/ depending upon the 
ratio of histidine to the metal ion. Lead(II) was found to 
form exclusively the complex MHis . 
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Effect of Coordination of Histidine with Metal Ions on its 
Reaction with Ninhydrin 
Ninhydrin reacts with << -amino acids to give a 
purple-coloured compound known as Ruhemann's purple 
(diketohydrindylidene diketohydrindamine or DYDA). 
The mechanism of this reaction has been investigated by 
several workers [20-29]. The effect of different 
functional groups on the reactivity of the amino acids 
with ninhydrin has also been studied, but only recently 
[30-34]. The mechanism presented in these studies involves 
the formation of a Schiff base as an intermediate in the 
formation of DYDA and is given in SCHEME-II. 
NMj-OHftCOO -- " NMjCHRCOO -¥ M 
U) 
(b) 
NH 
O I OH OM 
U) ^-t O 
SCHEME-II : The mechanism of the interaction of ninhydrin with 
amino acids. The formation of DYDA is shown in 
(a) whereas formation of some other products; 
which depends on experimental conditions, are 
shown in (b) and (c). 
Rao and Reddy [35] have indicated that the 
intermediate Schiff base formed by the condensation of 
ninhydrin with glycine could be trapped in presence of 
metal ions Ccobalt(II), nickel(II) and zinc(II>X. The 
presence of metal ions in the system favours the 
condensation by enhacing the polarization of carbony1 
group, thereby promoting the nucleophilic attack. The 
condensed product acts as a potential tridentate metal 
binding ONO donor producing stable 5-membered metal 
chelates. The authors characterized the Schiff base 
complexes by using a variety of physical methods and 
proposed structures with octahedral stereochemistry. 
It was found that the purple colour of DYDA formed 
by the interaction of amino acids with ninhydrin fades 
with time at room temperature. A number of modifications 
were, therefore, made in order to achieve better yield and 
to increase the stability of the colour. The effect of 
metal ions on this reaction was carried out with this view 
by Moore and Stein [36]. They observed that ths colour 
yield is enhanced on addition of stannous chloride to the 
ninhydrin solution (which reduced ninhydrin to 
hydrindantin by blocking the oxidative side chain). A 1:1 
water - methyl cellosolve mixture was used to dissolve the 
reduced ninhydrin (i.e.i hydrindantin which is insoluble in 
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water). Kawerau and Wieland [37] reported that the 
addition of copper(II), nickel(II), cobalt(II), 
cadmiumdl) or zinc(II) to the purple pigment produced by 
amino acid - ninhydrin reaction on a paper chromatogram 
give red pigment (however, proline and hydroxyproline 
formed yellow products). Mayer and Riklis [38] found that 
the addition of aluminiumdlj;, mercury (II), iron(il), 
manganese(II), tin(II), silver(I ) or copper(II) to the 
amino acid-ninhydrin mixture in n-butanol inhibited the 
formation of DYDA while the addition of calcium(II), 
barium(II) or cadmium(II) gave red coloured complexes. 
Consequently, Atfield and Morris [3 9] recommended a 
cadmium-ninhydrin reagent for the quantitative 
determination of separated amino acids occurring in 
protein hydrolysates. They prepared the reagent by 
dissolving 0.05g cadmiumdl) acetate in a mixture of 5 ml 
water and 1 ml acetic acid and added 50 ml acetone and 
0.5g ninhydrin. 
Iskierko et al. [40] reported that the molar 
absorptivity of the cadmiumdl), copperdi), nickel(II), 
zinc(II), mercurydl) and copperdi) with DYDA was in the 
order of Cd(II)>Cu(II)>CodL)>Ni(II)>Mg(II)>Zn(II). 
Stoilovic et al. [41] studied finger prints 
developed with ninhydrin and treated with various metal 
11 
salts which form stable and coloured complexes. Taking into 
account the spectral characteristics, solubility, 
versatility, stability and reproducibility, the use of 
Cd(NO-)_ was advocated for general use for finger print 
enhancement. The use of Zn(N03)2 is favoured if toxilogical 
considerations are pareunount, but ninhydrin development has 
to be carefully controlled if optimal results aure to be 
obtained. Limited applications for mercury con^lexes were 
found when a red shift is desired to remove background 
effects. Lennard et al. [42]: determined the crystal 
structures of the above Ilb-DYDA complexes by X-ray 
diffractipn studies. All the three complexes were having 
similar structures and contained a 1:1 ratio of metal to 
chelating agent (DYDA). DYDA acted as tridentate ligand and 
the metal ions were also bound to one iodide ion and two 
water molecules to form a distorted octahderal complex as 
shown below: 
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The presence of coordinated water in the complex explains 
the need for moisture in the colour enhancement procedure. 
Singh et al. [43] investigated the effect of 
manganese(II), iron(II) and molybdenum(II) on the ninhydrin 
colour development with DL-alanine and DL-tyrosine and 
found maximum enhancement with manganese(II) followed by 
the other two. They also studied the effect of manganese(II) 
on colour development with different amino acids. Except 
L-proline and L-hydroxyproline/ all amino acids showed 
colour enhancement that varied from four-fold to one-fold: 
Four-fold with 
Three-fold with 
Two-fold with 
One-fold with 
L-alanine, L-glutamine and L-leucine. 
p-oxalyl diaminopropionic acid, DL-
leucine, L-methionine/ DL-glutamine/ 
DL-homocysteine/ L-phenylalanine, L-
threonine, L-taurine and DL-valine. 
L-and DL-asparagine, L-arginine, L-
cysteine, L-cystine/ L-histidine, L-
isoleucine/ L- and DL-lysine, DL-
methionine, L-norleucine, L-ornithine, 
DL-phenylalanine, L-serine, L-tyrosine, 
L- and DL-tryptophan and L-valine. 
L-aspartate, DL-aspartate, DL-alanine/ 
L-and DL-glutamine/ glycine/ glutathione 
and histamine. 
13 
Ganapathy et al. [44] used cadmiuin(II), zinc(ll), 
nickel(II) and copper(II) ions with ninhydrin to 
distinguish qualitatively between small ©^-peptides and 
«-amino acid amides. The most interesting aspect of the 
work was that the formation of products (due to the 
interaction of ninhydrin with amino acids and peptides) 
depends upon the order of addition of copper(ll). When a 
paper containing amino acid and peptide spots was first 
sprayed with ninhydrin and then with cupric salt solution, 
both the amino acids and peptides gave colours ranging from 
brown to pink. But, when the paper was first sprayed with 
cupric salt solution and then with ninhydrin reagent, only 
the amino acids gave colours ranging from brown to pink and 
all the peptides gave an yellow colour. This experiment 
indicated that the final products of the reactions between 
a peptide-ninhydrin complex and copper(II) and between a 
copper(II)-peptide complex and ninhydrin are not identical. 
Krauss [45], Seji et al. [46] and many other 
workers [47-50] introduced a number of modifications by 
using various metal ions with ninhydrin in order to 
increase the stability of the colour formed by the 
interaction of ninhydrin with amino acids. All the workers 
found that the colour yield is affected by the presence of 
metal ions. 
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STATEMENT OF THE PROBLEM 
The qualitative and quantitative determination of 
amino acids is of major and growing importance in many 
areas of biochemical and medical investigations. Ninhydrin 
has been reported as one of the most important and widely 
used compound for the ot-amino acid determinations. The 
product of the reaction is a purple coloiired compound 
(diketohydrindylidene diketohydrindamine) v^ich is unstable 
as the colour fades away in presence of light or oxygen. A 
number of improvements have been introduced to increase the 
stability of the coloured product and, consequently/ many 
investigators rr.odified the ninhydrin reagent by imparing it 
with metal ions and reported differently coloured products. 
As already pointed out, histidine play^ an 
important role in biological systems and proviuos three 
potential binding sites for metal coordination. It reacts 
with transition metal ions to form complexes which bind 
molecular oxygen reversibly and thus acts as oxygen 
carrier. Having the importance of histidine in mind studies 
on the kinetics and mechanism of its cadmium(II) complex 
with ninhydrin have been performed in micellar medium. The 
results are reported in chapter II. The work was carried 
out at: 
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1. d i f fe ren t concentrations of [Cd-His] complex 
2. d i f fe ren t concentrations of Ninhydrin 
3. d i f ferent concentrations of SDS 
4. d i f ferent concentrations of CTAB 
5. d i f ferent concentrations of NaCl and KNO-
6. different temperatures. 
CHAPTER - II 
KINETIC STUDIES ON THE INTERACTION OF CADMRM (II) 
HISTIDINE COMPLEX WTTH NINHY DRIN IN 
PRESENCE OF IONIC MICELLES 
16 
The interaction of ninhydrin with amino acids and 
their metal complexes has been studied extensively 
{26,30-34,36J. The former reaction involves the attack of 
lone-pair of electrons of nitrogen of amino group to the 
carbonyl carbon of ninhydrin (nucleophilic addition) 
followed by the loss of carbon dioxide and water. While in 
case of metal-amino acid complexes, a template reaction 
mechanism is followed. To stabilize the product and for 
better reproducibility, a number of modifications 
[37,41,43,48] were made in the ninhydrin reagent including 
application of various metal ions and aqueous-organic 
solvents. 
Surfactant aggregates in water and in nonpolar 
solvents have been utilized to mimic the 
micro-environments of biomacromolecular ensembles. 
Catalysis by micelles resembles the enzyme catalyzed 
reactions [51-54j and the important similarities are (i) 
both micelles and enzymes display similar structures by 
containing hydrophobic core with polar groups on their 
surfaces, (ii) the micelle and enzyme bind the substrate 
through non-covalent bond, and (iii) the rate constants of 
micelle catalyzed reactions when plotted against detergent 
concentrations give sigmoid shaped curves, analogous to 
positive homotropic interactions (positive cooperativity) 
17 
in enzymatic reactions. The aim of present work is to 
examine the effect of ionic detergents on the reaction 
between Cd(II)-histidine complex and ninhydrin, i.e., 
cation-molecule reaction. Most of the work reported in the 
literature are concerned with the effect of micelles on 
the interaction of anions with molecules. 
EXPERIMEMTAL 
L-Histidine (BDH, England), ninhydrin (SRL), 
sodium dodecyl sulphate (SDS, Chemical Products 
Corporation, purity > 99%), cetyltrimethylammonium bromide 
(CTAB, Loba, purity > 99%) and cadmium(II) nitrate, 
lCdlN0^)p.4H_0, Merck) were used as received. Solutions of 
L-histidine, ninhydrin and cadmiumCII) nitrate were 
prepared in acetic acid - sodium acetate buffer (pH=5.02). 
All other chemicals were of reagent grade. Distilled and 
deionized water was used throughout the work. 
An aqueous solution of the CdCII)-histidine 
complex was prepared by mixing the two solutions 
(cadmiumCII) nitrate was taken in slight excess of 
equimolar amount) in a reaction vessel (kept in an oil 
bath thermostated at the desired temperature within 
+0.1°C) which already contained required amounts of the 
buffer and KNO^ (to maintain fi) . The reaction vessel was 
fitted with a double-walled condenser to prevent any 
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evaporation. The reaction was started with addition of a 
thermally-equilibrated ninhydrin solution of required 
volume and zero time was taken when half of the required 
volume was added. The ionic-strength was maintained at 1.0 
moldm except when the effects of variation in [NaClj or 
LKNO^J were seen. Purified nitrogen gas was bubbled through 
the reaction mixture for stirring as well as to maintain an 
inert atmosphere. The progress of the reaction was 
followed spectrophotometrically by pipetting out aliquots 
at different time intervals and measuring the absorbance at 
wavelength 510 nm (see later) by using a Bausch and Lomb 
Spectronic-20 Spectrophotometer. For measuring the pH of 
solutions, an ELICO digital pH meter equipped with a 
combination electrode (CH-41) was used. The pseudo-first 
order conditions were maintained by keeping [Ninhydrinj in 
excess. The pseudo-first order rate constants, k^ , were 
calculated for completion of 80% of the reaction by using a 
computer program run on VAX-11/780. 
The cmc values of SDS and CTAB in the buffer 
solution {pH=5.02) containing substrate (Cd(II)-histidine 
ccsQplex) and KNO^ ( yu = 1.0 moldm ) were determined 
conductometrically at 70°C (Fig. 2.1). The values found 
were: 6.25x10" moldm"-^  (SDS) and 8.25x10"^ moldm"^ (CTAB). 
The respective values in water at 70°C are: 1.14x10 
moldm""^  (SDS) [55] and 1.32xl0"^ moldm""^  (CTAB) L56j. 
-2 
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CM 
O 
0.2 
0 . 1 
10^[CTAB] (mol dm"-^) 
10 15 20 25 30 
5 - 10 15 20 25 30 
10 [SDS](mol dm~3) 
F i g . 2 . 1 : P l o t of R e s i s t a n c e vs(SDS]/[CTAB] f o r t h e d e t e r m i n a t i o n of 
cmc. 
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RESULTS AND DISCUSSION 
Laberman and Rabin [11], Carlson and Brown [19] and 
others i.y,12,57j have reported that histidine behaves as a 
tridentate ligand with cadmium(II) and the equimolar 
mixture containing cadmiumdl) and histidine gives 1:1 
complex while a solution containing cadmiumCII) and excess 
of histidine gives the tCd-lHistidine) j complex. Thus, on 
the basis of these results it can be safely concluded that 
the existing species in the vicinity of pH 5.0 ' is 
LCddD-Hisj"*". 
CadmiumCII) has a weak complex forming tendency with 
organic ligands (as compared to other metal ions) and its 
amino acid complexes are labile in nature [58]. 
When ninhydrin reacts with [Cd(II)-His] complex 
at 30°C, only an yellow coloured product is formed with 
maximum absorbance at 375 nm. On increasing the 
temperature, a red coloured complex, havinc, \ at 390 and 
uiax 
510 nm, is formed (Fig. 2.2). The structure of the red 
coloured complex, determined by Lennard et al. [42], is 
shown below: 
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The kinetics of formation of this red coloured 
product in aqueous medium by the interaction of ninhydrin 
with LCd(Il;-Hisj complex by measuring the absorbance at 
510 nm have already been reported L59J. Due to high 
temperature, the reaction did not follow a template 
mechanism. On the basis of observed results, the following 
mechanism has been proposed: 
0 
O ^o r CH^ 
HjO -HpO + 
0 
O :rOH 
O 
H —N 
m 
Fast 
O 
II 
- \ CHjCHO 
U-IN ^ \ 
4 CO^ t -*- f'===\ 
- N 
'0 
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o 
Slow 
-1 + 
SCHEME -III 
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The rate equation corresponding to the proposed SCHEME has 
been derived as follows: 
= k[C] 
The equilibrium constant K is given by 
^ tB][Ninhydrin] 
which gives the value of [C] as 
[C] = K^ [B][Ninhydrin] ...(2) 
Substituting the value of [C] in equation (1), we get 
— = k K. [B][Ninhydrin3 ...(3) dt •-
The steady state approximation for [B] gives 
— = k^  [A][Ninhydrin] - K. [B][Ninhydrin] = 0 
dt 
or IB] . "f'^' 
Kt 
Now equation (3) becomes 
^ = k h^ [A][Ninhydrin] ...(4) 
dt ^ 
The total concentration of species A is given by 
[A]^ = [B] + [C] 
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k f [ A ] 
+ k^  [AJtNinhydrin] 
[A] = 
k [A] + K k [A]tNinhydrin] 
— 
k^(l + K^ {NinhydrinD 
Expressing [A] in terms of [A],^, equation (4) is written as 
dP _ ^ \ lA]^[Ninhydrin] ...(5) 
^^ 1 + K [Ninhydrin] 
whose comparison with equation (1) results in 
kK [Ninhydrin] 
k .^ = ~ ...(6) 
°°^ 1+Kt [Ninhydrin] 
This, on inversion, gives 
= j^  + , .. r.,.-'-. . . . ...(7) 
^obs ^ ^ Kt[Ninhydrin] 
According to eq. (7), a plot of •= versus 
kobs [Ninhydrin] 
should be linear, as was experimentally observed [59]. 
Reaction in Presence of Micelles 
As already mentioned, addition of ninhydrin to a 
solution of [CddD-His]"*" and heating {>60"C) produced a 
red-coloured complex. The spectra consists of two broad 
bands with absorption maxima at 390 and 510 nm. Preliminary 
experiments show that the positions of these maxima remain 
the same when either of the surfactants, SDS or CTAB, was 
24 
added. However, an increase in absorbance resulted with 
increasing [SDS] but opposite was the case with increase in 
[CTAB] (Fig. 2.2). This shows that SDS micelles catalyze 
the reaction between [Cd(II)-His] complex and ninhydrin 
while CTAB micelles produce an inhibiting effect. 
The reaction of cadmiumCII)-histidine complex with 
ninhydrin was, therefore, studied in aqueous-micellar 
medium containing anionic SDS or cationic CTAB micelles. 
The experiments were performed under varying conditions and 
the results are given in Tables 2.1-2.11. Representative 
plots are shown in Figs. 2.3-2.8. 
Reaction in Presence of Anionic SDS Micelles; 
The plot of pseudo-first order rate constants 
versus [SDS] (Fig. 2.7A) shows that the rate constant 
increases as [SDS] increases to a plateau value (where 
kd, = k ) . Further increase in [SDS] decreases the value of 
r m 
the rate constant. This behaviour is observed due to the 
incorporation of ninhydrin inside the palisade layer of 
micelles (see Fig. 2.9). Carbonyl groups, being polar, are 
in equilibrium with H^ O and, therefore, ninhydrin is not 
allowed to reach the core [60]. 
The positively charged [Cd(II)-His] complex is 
associated with anionic micelles in the Stern layer and 
forms ion-pair with the anionic headgroup of SDS micelles. 
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TABLE 2.2: Effect of the Variation of [Cd(II)-His ] on the 
[ Cd( II) -His]''"-Ninhydrin Reaction. 
[SDS] = 25.0x10"^ moldm"-^ , [Ninhydrin] = 6. OxlO~\oldm"-^ 
[H"*"] = 1 . 
Time 
( m i n . ) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
l O ^ s ^ } = 
OxlO" mo 
1 .0 
0 . 0 2 
0 . 0 7 
0 . 1 0 
0 . 1 8 
0 . 2 5 
0 . 3 0 
0 . 3 8 
0 . 4 2 
0 . 5 1 
0 . 5 6 
0 . 5 4 
0 . 6 0 
: 2.295+0 
1dm' 
.35 
• 3 
10^ 
1 . 2 5 
1 .0 moldm , 
[ C d ( I I ) 
A b s o r b a n c e 
0 . 0 5 
0 . 1 2 
0 . 1 8 
0 . 2 4 
0 . 3 2 
0 . 4 0 
0 . 4 8 
0 . 5 2 
0 . 5 4 
0 . 6 2 
0 . 6 6 
0 . 6 4 
2.443+0 .19 2 
Temp. 
- H i s ] ( m o l d m 
1 . 5 
a t 510 
0 . 0 7 
0 . 1 7 
0 . 2 5 
0 . 3 2 
0 . 3 4 
0 . 4 8 
0 . 5 6 
0 . 6 2 
0 . 7 0 
0 . 7 5 
0 . 8 0 
0 . 4 2 
.501+0. 
nm. 
17 
= 343K 
• 3 ) 
2 . 0 
0 . 1 1 
0 . 2 0 
0 . 3 2 
0 . 4 0 
0 . 5 0 
0 . 5 8 
0 . 6 8 
0 . 7 6 
0 . 8 2 
0 . 9 0 
0 . 9 4 
0 . 9 8 
2.43+0.04 
28 
TABLE 2.3: Effect of the Variation of [Ninbydrin] on the 
(Cd(II)-His3+-Ninhydrin Reaction. 
[CddD-His"^] = l.OxlO"^ moldm"^, [SDS] = 25.0x10"-^  moldm"-^  
[H"^] = 1.0x10"^ moldm"^, p = 1.0 rnoldm"^. Temp. = 343K 
Time 
( m i n . ) 
05 
10 
1 5 
20 
25 
30 
3 5 
40 
45 
50 
5 5 
60 
10^hy(s - ' - ) = 
6 
0 . 0 2 
0 . 0 5 
0 . 1 2 
0 . 1 6 
0 . 2 5 
0 . 3 0 
0 . 3 6 
0 . 4 0 
0 . 4 4 
0 . 5 0 
0 . 5 4 
0 . 5 8 
2 . 3 5 + 
0 . 1 6 -
10 
8 
• ^ [ N i r i h y d r i n ] 
10 
A b s o r b a n c e a t 
0 . 0 3 
0 . 0 7 
0 . 2 0 
0 . 2 9 
0 . 4 0 
0 . 4 8 
0 . 5 4 
0 . 6 0 
0 . 6 4 
0 . 6 8 
0 . 7 0 
0 . 7 0 
3 . 5 9 4 + 
0 . 3 2 -
0 . 0 2 
0 . 0 4 
0 . 2 5 
0 . 3 4 
0 . 4 5 
0 . 5 4 
0 . 6 0 
0 . 6 8 
0 . 7 0 
0 . 7 3 
0 . 7 5 
0 . 8 0 
4 . 2 7 2 + 
0. .33 -
(moldm*3) 
510 
12 
nm. 
0 . 0 4 
0 . 1 2 
0 . 2 8 
0 . 4 1 
0 . 5 0 
0 . 6 9 
0 . 6 8 
0 . 7 3 
0 . 7 7 
0 . 8 0 
0 . 8 5 
0 . 8 5 
5 - 0 7 6 + 
0 . 3 6 -
2 0 
01^06 
0 -19 
0 . 3 2 
0 . 4 6 
0 . 5 6 
0 . 6 8 
0 . 7 6 
0 . 8 5 
0 . 8 9 
0 . 9 2 
0 . 9 8 
0 . 9 9 
6 . 8 9 1 + 
0 . 1 2 -
29 
TABLE 2.4: Effect of the Variation of Temperature on the 
[ Cd (II) -His ] ^ -Ninhydrin Reaction -
[CdllD-His'^] = l.OxlO'^moldm"-^, [SDS] = 25. 0xl0"-^moldm~3, 
[H"^] = 1.0xlO~^moldm~^, [ N i n h y d r i n ] = 6 . OxlO~\oldm~-^ , 
- 3 p = 1.0 moldm 
Time 
(min.) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
10^k^(s"^) = 
338 
0.02 
0.04 
0.07 
0.12 
0.17 
0.22 
0.26 
0.31 
0.34 
0.40 
0.41 
0.45 
1.58+ 
O.ll" 
343 
Temp. (K) 
348 
Absorbance at 510 
0.02 
0.07 
0.14 
0.21 
0.28 
0.35 
0.40 
0.46 
0.41 
0.56 
0.56 
0.57 
2.415+ 
0.25 
0.04 
0.14 
0.27 
0.37 
0.44 
0.50 
0.54 
0.58 
0,60 
0.62 
0.62 
0.66 
3.233+ 
0.24 
353 
nm 
0.07 
0.20 
0.33 
0.45 
0.55 
0.56 
0.60 
0.62 
0.6S 
0.68 
0.70 
0.70 
4.130+ 
0.41 
30 
TABLE 2.5: Effect of the Variation of [NaCl] on the 
[Cd( II)-His]"""-Ninhydrin Reaction. 
[CddD-His"*"] = l.OxlO'^moldm""^, [SDS] = 25. OxlO~'^moldm~'^ 
[Ninhydrin] = 6. OxlO~^moldm~ , [H"*"] = l.OxlO"^ moldm" , 
Temp. = 343 K 
Time 
(min.} 
05 
10 
15 
20 
25 
35 
40 
45 
50 
55 
60 
lO^^k^Cs"^) = 
0.05 
0.01 
0.04 
0.10 
0.15 
0.20 
0.30 
0.33 
0.37 
0.39 
0.43 
0.44 
1.699+ 
0.16 ~ 
[NaCl](moldm~-^) 
0.10 0.15 0.40 
Absorbance at 510 nm. 
0.01 
0.05 
0.10 
0.15 
0.19 
0.28 
0.32 
0.36 
0.39 
0.40 
0.44 
1.523+ 
0.09 ~ 
0.01 
0.04 
0.10 
0.14 
0.19 
0.29 
0.30 
0.33 
0.35 
0.36 
0.37 
1.421+ 
0.10 ~ 
0.01 
0.03 
0.05 
0.09 
0.12 
0.18 
0.20 
0.22 
0.25 
0.28 
0.30 
1.062+ 
0.11 ~ 
1.0 
0.01 
0.02 
0.04 
0.09 
0.12 
0.17 
0.14 
0.22 
0.24 
0.25 
0.26 
0.744+ 
0.01 
31 
TABLE 2.6: Effect of the Variation of [KNO- on the 
[Cd(II)-His] -Ninhydrin Reaction. 
[CddD-His"*"] = LOxlO""* moldm"^, [SDS] = 25. OxlO"-^ moldm~-^ , 
[H"*" ]= l.Oxlo" moldm~ , [Ninhydrin] = 6.0xl0~ moldm" , 
Temp. = 34 3 K 
Time 
(min. ) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
1 0 \ ^ ( s ' ^ ) = 
0 
0 . 0 3 
0 .08 
0 .17 
0 . 2 5 
0 . 3 3 
0 . 4 1 
0 . 4 8 
0 .56 
0 .59 
0 . 6 3 
0 .69 
0 .70 
3.201+ 
0.22 ~ 
10 
0 . 0 1 
0 .06 
0 .14 
0 . 2 1 
0 .27 
0 .34 
0 .39 
0 . 4 5 
0 .50 
0 .54 
0 .58 
0 .62 
2.652+ 
0.11 ~ 
2. 
10 tKNOj 
20 
_3 ](moldm ) 
40 
Absorbance a t 510 
0 ,03 
0 .08 
0,15 
0 .22 
0.27 
0 .33 
0 .38 
0.44 
0.50 
0 .58 
0.58 
0.62 
2.581+ 
0.19 " 
0 . 0 1 
0 .03 
0 . 1 1 
0 .19 
0 .26 
0 .32 
0 .37 
0 .46 
0 .49 
0 .56 
0 .56 
0 . 5 8 
2.434+ 
0.19 ~ 
80 
nm 
0 . 0 1 
0 . 0 4 
0 . 9 
0 .16 
0 . 2 4 
0 .30 
0 .36 
0 .44 
0 .48 
0 .56 
0 . 5 3 
0 ,60 
2.412+ 
0.26 ~ 
100 
0 . 0 1 
0 .04 
0 . 1 1 
0 .18 
0 .23 
0 .29 
0 . 3 3 
0 .42 
0 .49 
0.54 
0 .58 
0 .58 
2.346!-
0.31 ~ 
32 
TABLE 2.7: Effect of the Variation of [CTAEj on the 
[Cd{II)-His]*- Ninhydrin . Reaction. 
[CddD-His"*"] = l.OxlO" moldm" , [Ninhydrin] = 6.0xl0~ moldm~ , 
[H"^] = 1.0x10"^ moldm"-^ z u = 1.0 moldm"^. Temp. = 343 K 
Time 
( m i n . ) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
5 5 
60 
lO^k^Cs'^) = 
4 
0 . 0 2 
0 . 0 4 
0 . 0 8 
0 . 1 1 
0 . 1 9 
0 . 2 2 
0 . 2 9 
0 . 3 2 
0 . 3 6 
0 . 3 9 
0 . 4 2 
0 . 4 5 
1.554+ 
0.16 
3 -
10 [CTAB](moldm 
6 
0 . 0 1 
0 . 0 4 
0 . 0 9 
0 . 1 3 
0 . 1 8 
0 . 2 0 
0 . 2 3 
0 . 2 5 
0 . 2 8 
0 . 3 2 
0 . 3 6 
0 . 3 8 
1.308+ 
0.06 
8 10 
A b s o r b a n c e a t 
0 . 0 1 
0 . 0 4 
0 . 0 9 
0 . 1 2 
0 . 1 7 
0 . 2 0 
0 . 2 2 
0 . 2 6 
0 . 2 8 
0 . 3 3 
0 . 3 5 
0 . 3 7 
1.296+ 
0.11 
0 . 0 1 
0 . 0 4 
0 . 0 6 
0 . 0 9 
0 . 1 4 
0 . 1 8 
0 . 2 1 
0 . 2 4 
0 . 2 6 
0 . 2 9 
0 . 3 1 
0 . 3 3 
1.123+ 
0.10 ~ 
h 
15 
510 nm 
0 . 0 0 
0 . 0 2 
0 . 0 5 
0 . 0 8 
O i l 
0 . 1 4 
0 . 1 7 
0 . 2 0 
0 . 2 3 
0 . 2 6 
0 . 2 9 
0 , 3 0 
0.9508+ 
0.31 
20 
0 . 0 0 
0 . 0 2 
0 . 0 4 
0 , 0 6 
0 . 0 9 
0 . 1 2 
0 . 1 5 
0 . 1 8 
0 . 2 0 
0 . 2 3 
0 . 2 6 
0 . 2 9 
0.878+ 
0.23 
30 
0 , 3 0 
0 . 0 1 
0 . 0 3 
0 . 0 5 
0 . 0 9 
0 . 1 2 
0 . 1 6 
0 . 1 9 
0 . 2 1 
0 . 2 4 
0 . 2 7 
0 . 2 8 
0.872+ 
0.20 
33 
TABLE 2.8: Effect of the Variation of [Ninhyd^in] on the 
[Cd(II)-His] -Ninhydrin Reaction. 
[CddD-His''"] = l.OxlO'^moldm"^, [CTAB] = 2. OxlO~"^ moldm~^ , 
+ - 5 - 3 - 3 
[H ] = 1.0x10 moldm , ji = 1.0 moldm , Temjp. = 343 K 
Time 
(min.) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
lO^k^Cs"^)* 
6 
0.00 
0.02 
0.04 
0.06 
0.09 
0.12 
0.15 
0.19 
0.21 
0.24 
0.27 
0.30 
0.901+ 
0.34 
3 
10 [Ninhydrin](mo 
8 10 
Absorbance at 
0.01 
0.05 
0.11 
0.12 
0.22 
0.28 
0.38 
0.43 
0.48 
0.52 
0.55 
0.57 
2.297+ 
0.20 ~ 
0.01 
0.07 
0.13 
0,18 
0.30 
0.40 
0.45 
0.49 
0.52 
0.56 
0.60 
0.64 
2.742+ 
0.14 
Idm"-^) 
12 
510 nm. 
0.03 
0.08 
0.21 
0.30 
0.40 
0.49 
0.56 
0.62 
0.66 
0.68 
0.68 
0.70 
3.710+ 
0.25 
20 
0.05 
0.18 
0.27 
0.40 
0.54 
0.64 
0.69 
0.77 
0.84 
0.88 
0.92 
0.94 
5 809+ 
0.63 ~ 
34 
TABLE 2.9: Effect of the Variation of Temperature on the 
tCd(II)-Hisl''^-Ninhydrin Reaction. 
[CddD-His"^] = l.Oxlo" moldm , [CTAB] = 2.0xl0~ moldm" , 
[Ninhydrin] = 6. OxlO~"^ moldin~'^ , [H"*"] = 1.0xlO~^moldm~ , 
-3 p = 
Tixae 
( m i n . 
05 
10 
15 
20 
25 
30 
35 
40 
45 5 
50 
55 
60 
1 . 
. ) 
, 0 moldm 
338 
0 . 0 0 
0 . 0 1 
0 . 0 4 
0 . 0 6 
0 . 0 9 
0 . 1 2 1 
0 . 1 4 
0 . 1 5 
0 . 1 6 
0 . 1 7 
0 . 1 9 
0 . 2 0 
l O ^ k ( s " - ' - ) ^ 0 . 6 4 1 7 + 
^ 0 . 3 2 
Temp. 
343 
(K) 
A b s o r b a n c e 
0 . 0 0 
0 . 0 2 
0 . 0 4 
0 - 0 7 
0 . 1 0 
0 . 1 4 
0 . 1 7 
0 . 2 1 
0 . 2 4 
0 . 2 7 
0 . 2 9 
0 . 3 1 
1 . 0 1 2 + 
0 . 0 5 
348 
a t 510 nm 
0 . 0 1 
0 . 0 4 
0 . 0 8 
0 . 1 5 
0 . 1 9 
0 . 2 3 
0 . 2 7 
0 . 3 0 
0 . 3 3 
0 . 3 5 
0 . 3 7 
0 . 3 9 
1 . 4 9 2 + 
0 . 0 4 
3 5 3 
0 . 0 1 
0 . 0 4 
0 . 1 1 
0 . 1 9 
0 . 2 5 
0 . 3 1 
0 . 3 8 
0 . 4 1 
0 . 4 4 
0 . 4 8 
0 . 5 0 
0 . 5 1 
2 . 0 6 9 + 
0 . 1 5 
35 
TABLE 2.10: Effect of the Variation of [NaCl] on the 
[Cd(II)-His]'*^-Ninhydrin Reaction. 
[CddD-His"^] = l.OxlO'^moldm"-^, [CTAB] = 2. OxlO'^^moldm"^, 
[Ninhydrin] = 6 .OxlO'^^moldm"^, [H"*"] = 1. OxlO'^moldm" , 
, Temp. = 343 K 
Time 
( m i n . ) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
1 0 ^ ^ ( 3 " ^ ) -
0 .05 
0 . 0 2 
0 .04 
0 . 0 8 
0 .12 
0 .16 
0 .20 
0 . 2 5 
0 . 2 8 
0 . 3 1 
0 .34 
0 .37 
0 .39 
1.359+ 
0 .06 
[NaCl](moldm~ 
0.10 
Absorbance 
0.02 
0.05 
0.08 
0.12 
0.15 
0 .18 
0 .22 
0.25 
0 .28 
0 .31 
0 ,33 
0.34 
1.161+ 
0.07 
a t 
^ ) 
0 .15 
510 nm 
0 . 0 0 
0 .00 
0 . 0 2 
0 .04 
0 . 0 4 
0 . 0 6 
0 .06 
0 . 0 8 
0 .09 
0 .10 
0 .10 
0 . 1 1 
0 .332+ 
0 . 1 9 
1 .0 
0.00 
0 .00 
0.00 
0 . 0 1 
0 .02 
0 .02 
0 .03 
0 .05 
0 .06 
0 .06 
0 .07 
0 .07 
— 
36 
TABLE 2.11: Effect of the Variation of [KNO-] on the 
[Cd(II)-His]''^-Ninhydrin Reaction. 
+ -4 - 3 
[ C d ( I I ) - H i s ] = 1,0x10 molditi [CTAB] = 2 - 0 x l 0 ~ \ o l d i n ~ ^ , 
[Ninhydrin] = 6. OxlO'^moldm"-^, [H"*"] = 1. OxlO'^moldm"^, 
Temp. = 343 K 
Time 
(min.) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
10\^(s"^) = 
0.05 
0.02 
0.04 
0.06 
0.12 
0.18 
0.23 
0.26 
0.31 
0.34 
0.40 
0.41 
0.45 
1.581+ 
0.08 
[KNO ](moldm 
0.10 
Absorbance 
0.01 
0.04 
0.09 
0.12 
0.15 
0.19 
0.24 
0.28 
0.31 
0.35 
0.37 
0.39 
1.314+ 
0.11 
- ^ 
0.15 
at 510 nm. 
0.00 
0.02 
0.05 
0.09 
0.13 
0.16 
0.20 
0.23 
0.26 
0.28 
0.32 
0.33 
1.088+ 
0.06 
0.40 
0.00 
0.02 
0.04 
0.08 
0.12 
0.16 
0.19 
0,22 
0,25 
0.27 
0.30 
0.32 
1.039+ 
0.07 
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-Stern layer 
Gouy Chapman 
double layer 
F i g , : 2 . 9 ; A two-dimensional schematic representation of the regions of o 
spherical ionic micelle. The counterions (X ) , the head groups(r~)) , 
and the hydrocarbon chains (''\y^-^)are indicoted . 
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Further addition of SDS serves to incorporate more 
and more ninhydrin in the palisade layer and [Cd(II)-His] 
complex to the Stern layer. Deactivation occurs at a 
certain high [SDS] because the complex and ninhydrin 
associated with different micelles cannot react. Therefore, 
a decrease in the rate of reaction is observed at high 
[SDS] . The catalysis of the reaction by SDS can thus be 
explained by considering the concentration effect of the 
reactants, on or around, the micellar surface. SDS helps to 
concentrate both the ninhydrin and the [Cd(II)-His]"^ 
complex at the surface of the micelle and brings the 
reactants together in a close proximity, thus enhancing the 
reaction rate. 
The kinetic experime nts were performed at varying 
concentrations of [Cd(II)-His] complex. The results (Fig. 
2.8A) confirm that the order of the reaction with respect 
to the [Cd(II)-His] is unity. Dependence of the rate of 
the reaction on [Ninhydrin] shows (Fig. 2.8B) that the 
order with respect to [Ninhydrin] is fractional. 
Both the reactants, [Cd(II)-His] and ninhydrin, 
are highly soluble in water and micelles have no 
significant effect on the solubility- As U.V. measurements 
did not show any change in absorbance of ninhydrin in 
presence of the detergent, we have no choice of determining 
K (binding constant) except its evaluation by the kinetic s 
method. 
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The followiny SCHEME IV is proposed [61] for the 
micellar catalyzed reaction by consideriny the distribution 
of [CdClD-His]"*^ between the aqueous and micellar 
pseudophases. 
S + D — 
w n '•r- SD n 
w 
-> Product <-
m 
SCHEME - IV 
In the SCHEME, S denotes the cadmium (Il)-histidine 
complex, D the micellized surfactant, and K the binding 
constant of S to D . The subscripts w and m denote water 
and micellar pseudophase, respectively. 
The rate equation in accordance with the SCHEME IV 
is derived as follows : 
— " '^w^^w^ [Ninhydrin] + 1^[SD^] [Ninhydrin] 
dt 
= \15^] [Ninhydrin] + kj^Kg[S^] [D^] [Ninhydrin] 
(8) 
The total concentration of the substrate is given by 
[S], 
t^w^ 
[S ] + [SD ] 
w n 
[S ] + K [S ] [D ] 
•• w s w n"" 
[S]^ 
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Equation (8) now becomes 
^p (kv^LNinhydrin] + kmKgCDn] [Ninhydrin]) [S]T 
^^ 1 + Ks [Dn3 
k„[Ninhydrin] + kmKglDn] [Ninhydrin] 
or k. f = 
1 + Kg iDnl 
Under the pseudo-first conditions, where ninhydrin is in 
large excess, the rate simplifies to 
V. - l^w + kin Kg tDn] (9) 
1 -^  \ t^ n^  
This can be further written as 
k - k 
V" W 
^m ~ ky, 
k 
A plot of 
= K [D ] = _ v v f : : i i 
s n-" 15 
(10) 
- k y w versus (C - cmc) gives a straight 
line for C values close to the value of cmc (Fig. 2.10). 
Ks 
The value of ^ was evaluated from the slope and is found 
to be 25. 
Reactions influenced by surfactants have been 
viewed as models on enzyme catalyzed reactions. A kinetic 
model analogous to the Hill model was used by Piszkiewitz 
[54] to explain the catalysis of molecular reactions by 
surfactants. For the micelle catalyzed reactions which show 
positive cooperativity (presented in SCHEME-V), the rate 
^w ^  '^ ^^  
:^  SD 
K. 
W 
Products 
SCHEME - V 
n 
m 
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I 
ii. 
CM 
O 
140 
120 -
100 -
3 -3 
10 ([SDS] - cmc), mol dm 
Fig. 2.10: Plot of (ku, -k )/ik -k*.) versus (tSDSj-cmc) for the 
' w in '^  
interaction between cadmium (II)- histidine complex 
and ninhydrin. Reaction conditions as in 
Fig. 2.7(A). 
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constant, as a function of concentration of the deteryent, 
has been derived as follows: 
f|- = K^tS), ....(11) 
' K l^"^^ * K ^^J ....(12) 
The concentration of the micellized substrate, SD_, is 
n 
g iven 
or 
by 
[SDJ = 
KD 
Equation (12) can now be written as 
dp k j D ] [ S „ ] n 
+ k r s „ ] . . . . ( 1 3 ) d t KD 
The t o t a l c o n c e n t r a t i o n of the s u b s t r a t e , [S] , i s given by 
n 
= ••-• (' • ^ ) 
-*• [S ] = _ 
Substituting the value of [S^] in terms of [S] , equation 
(13) becomes 
n 
On comparing equa t ion (14) with (11 ) , we g e t 
49 
(14) 
which, on rearrangement and taking logarithm, gives 
(15) 
log ^r " ^w 
^m ~ ^y 
= n log D - log Kf. (16) 
In the above equations, K is the dissociation 
constant of the micellized detergent back to its 
components, n is the index of cooperativity and D is the 
total [surfactant] or C^ -^ Fig. 2.11 gives a straight line 
for the plot of log __!__«| versus log [D]. The values of 
L kjj,-k^J 
n(=2.34) and IC(-lo9 K^ =3.52) were determined from the gradient 
and intercept. 
The activation parameters were evaluated from the 
plot of log k^ versus 1/T and are given in Table 2.1?. The 
decrease in activation enthalpy in micellar phase as 
compared with water can be explained by considering the 
electrostatic attraction between the complex and ninhydrin 
in the SDS micelles. The interaction of reactants with 
50 
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Fig. 2.11: Plot of log [(k^-k )/Ck -k^)] versus logtSDS] for 
the reaction of cadmium^ID-histidine complex with 
niphydrin. 
o l 
- 3 . 2 
- 3 . 4 • 
- 3 . 6 
- 3 . 8 -
o 
- 4 . 0 
- 4 . 2 . 
- 4 . 4 
O SDS 
# CTAB 
3.95 
10 ^ i (K-1) 
F iy . 2 . 12 : P l o t s of loi^ k^ vs 1/T for the eva lua t ion 
of thermodynamic pa rame te r s . 
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TABLE 2.12: k^ and Activation Parameters in Presence and 
Absence of Micelles for the Interaction of 
[CddD-His]"^ and Ninhydrin. 
[SDS] = 25xl0~"^moldm~^, ICTAB] = 2.0xl0~ moldm""^ , 
-3 
u = 1.0 moldm 
4 -1 
Temp.(K) Q^ ^^^ ) 
No Surfactant SDS CTAB 
338 
343 
348 
1.06 
1.63 
2 .48 
353 4.17 
E^(kJmol~^) 73.4 
AH^CkJmol"^) 70.9 
As'^(Jmol"lKl-26.9 
1.57 
2 .42 
3 .24 
4 . 1 3 
6 3 . 3 
6 0 . 5 
6 5 . 8 
0.64 
0 . 0 1 
1.44 
2 . 0 7 
7 6 . 8 
7 3 . 9 
- 3 0 . 4 
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micelles favours charge dispersion in the transition state. 
Incorporation of the reactants in a limited volume of 
micelle results into the decrease of entropy (associated, 
with the formation of transition state in presence of 
surfactants). Thus, the presence of surfactant favours in 
degree of orderness in the transition state leading to the 
increase in pseudo-first order rate constant. 
Reaction in the Presence of Cationic CTAB Micelles: 
A decrease in pseudo-first order rate constamt was 
observed with the increase in [CTAB] at constant 
[CddD-His]"*" and [Ninhydrin] (Fig. 2.7B). The inhibition 
effect can be explained by assuming the SCHEME IV and the 
rate equation (9), which rearranges to give 
N ....(17) 
(k^- ky,) (k^ -kjjj) (k^ -kjn^  Ks(CD-cmc) 
Thus, a plot of (k^-k^)Versus (Co-cmc) ^^^^l^ 9^ ^^  ^ 
straight line. This is presented in (Fig. 2.13). The values 
Kg 
of k and rj— were evaluated from the intercept and slope 
of the plot and were found to be 5.96 x 10 s and 
3 1.724x10 . The inhibition of the reaction is due to the 
fact that ninhydrin molecules, beings polar, are 
incorporated inside the palisade layer while [Cd(II)-His] , 
bearing positive charge, is repelled by the ammonium head 
04 
13.0 
12.0 
% 11.0 -
I 
I 
o 
10.0 
8.0 
.LJL. 
5.0 10.0 15.0 
10~^/([CTAB]-cmc), mol'-'-dm'^ 
F i g . 2 . 1 3 : P l o t of l / ( k - k ^ ) a g a i n s t l/(g:TAB3 -cmc) 
for the intei? 'action of c a d m i u n n l l ) - t i i s t i -
d ine complex wi th n inhyd r in a t 343 K. 
group of CTAB micelles having positive charge at the 
surface. Therefore, possibility of interaction between 
ninhydrin (whose phenyl group is hydrophobic and penetrates 
into the micelle) and [Cd(II)-His] is diminished, leading 
to decrease in the rate of the reaction. A higher value of 
K for CTAB micelles and reactants {Cd(II)-histidine 
complex and ninhydrin) as compared to that for SDS micelles 
and reactants show higher incorporation of ninhydrin 
molecules inside the CTAB as compared to SDS. 
The activation parameters (Table 2,12), evaluated 
from the plot of log ky. versus 1/T, are in agreement with 
the proposed mechanism. The value of activation entropy is 
more positive than with SDS micelles which shows that the 
reaction is less orderly arranged during interactions. The 
higher activation enthalpy value may be due to unfavourable 
charge dispersion in the transition state. 
Inhibition of Micellar Catalysis by Salts: 
Fig. 2.14 shows the effect of increasing [NaCl] and 
[KNO,] on the interaction between [CddD-His]"*" and 
ninhydrin in presence of both the SDS and CTAB micelles. 
Addition of NaCl brought about a substantial decrease in 
the rate of the reaction while the addition of KNO^ had 
less inhibiting effect. Inhibition of catalysis due to 
addition of salts could be due to a competitive binding of 
56 
4 .0 
>- 2 .0 
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1.0 -
SDS 
CTAB 
kN03 
o 
• 
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A 
4 . 
lSalt](-m«lo».^^) 
1 .0 
F i g . 2 . 1 4 E f f e c t of t h e v a r i a t i o n of NaCl and 
KNO3 on k y t C d C l D - H i s " ^ ] = 1.0 x 1 0 " * moldm"-^, 
CNinhydr in l = 6 .0 x ICT^  moldm~^, EH''"] = 
1.0 X 10~^ moldm""^. Temp. = 343 K, CSDS] = 
2 . 5 X 10 moldm"-^ / [CTAB] = 2 . 0 x 
10"^ raoldm"^ 
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counter ions present with the micelles [62-64]. In the 
absence of any added salt to the SDS micelle the ratio of 
[Cd(II)-His] to the counter cation is more as compared to 
the case when a salt is present. With the former situation, 
more and more complex is associated with the micelles, thus 
increasing the local concentration of the complex around 
the micelles and, therefore, the observed rate of reaction 
is higher in the absence of added salt. Inhibition of 
micellar catalyzed reactions by electrolytes could increase 
the aggregation number. An increase in the aggregation 
number should reduce the catalytic efficiency of the 
detergent and, therefore, decrease the number of micelles. 
Our results of salt inhibition were obtaied at lower 
concentrations than that of 0.2 m used by Anacker and Ghose 
[65], suggesting that some additional factors than merely 
changes in micelllar size and shape are involved in these 
salt effects. The salt inhibition of the SDS catalyzed 
interaction of ninhydrin with [Cd( ID-His]''' shows a 
similar [66] dependence upon the charge density of the 
anions (Cl~ > NO") and cations (Na^>K^) as observed in 
reactions of p-nitrophenyl diphenyl phosphate with 
kydroxide and fluoride ions and iz, 4-dinitrofluorobenzene 
with hydroxide ion in CTAB micelles. The authors suggested 
that the inhibition in reaction may be due to either the 
increase in the aggregation number, thereby, decreasing the 
53 
number of micelles or the anions of the added salts exclude 
the hydroxide ion (or fluoride ion) from the neighbourhood of 
the micelles and the stronger interaction provides greater 
ability to exclude hydroxide ion. 
/ t' Acc No. ^f^ 
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